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TERMINATING COMPOUNDS, POLYMERS,
AND THEIR USES IN RUBBER

COMPOSITIONS AND TIRES

BACKGROUND

It 1s sometimes desirable for tires to have a combination of
good wet skid resistance, low rolling resistance, tear strength,
and good wear characteristics. Wear characteristics of a tire 10
tread can be difficult to improve without sacrificing traction
and/or rolling resistance. Sometimes, such properties depend
upon dynamic viscoelastic properties of the tire tread rubber
composition and the elastomers (rubbers) utilized 1n the rub-
ber composition. 15

In order to reduce the rolling resistance and to improve the
tread wear characteristics of tires, rubbers or rubbery poly-
mers having a high rebound physical property (low hyster-
¢s1s) have been used for the tire tread rubber compositions.
However, 1n order to increase the wet skid resistance of a tire
tread, rubbery polymers that have a relatively lower rebound
physical property (higher hysteresis) which thereby undergo
a greater energy loss, have sometimes been used for such
tread rubber compositions. To achieve such relatively incon-
sistent viscoelastic properties for the tire tread rubber com-
positions, blends (mixtures) of various types of synthetic and
natural rubber can be utilized 1n tire treads.

20

25

It can be desirable for synthetic rubber polymers to exhibit
relatively low levels of hysteresis (indicated by relatively
higher rebound values). This can be important when elas-
tomers are used 1n tire tread rubber compositions. In practice,
the elastomers can be conventionally blended with sulfur
curative, rubber reinforcing fillers such as, for example pre-
cipitated silica and rubber reinforcing carbon black, sulfur
vulcanization accelerators, rubber antidegradants and other
desired rubber chemicals and are then subsequently vulca-
nized, or cured, under pressure at an elevated temperature in
a suitable mold. The physical properties of such cured rubber
compositions can depend upon the degree to which the rubber
reinforcing fillers, such as carbon black or silica, are homo-
geneously dispersed throughout the elastomer. In some
instances, the degree of homogeneity of the dispersement of
the reinforcing filler relates, at least 1n part, to the degree of
ailinity that carbon black or silica have for the rubbery poly-
mer.
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Amorphous silica reinforcement has sometimes been used
in combination with rubber reinforcing carbon black to pro-
mote lower rolling resistance (e.g. better vehicular fuel
economy) and to promote better traction (e.g. skid and brak- sg
ing resistance) for a tire tread rubber composition. However,
use of such silica reinforcement filler, as compared to rubber
reinforcing carbon black, can result 1n a decrease in wear
resistance (e.g. increase 1n tread wear) of a tire tread rubber
composition. 55

Thus, 1t can be desirable to provide terminating com-
pounds, polymers, rubber compositions, and tires made
therefrom to overcome the above-described 1ssues, as well as

others.
60

SUMMARY

Some embodiments of the present invention relate to a
terminating compound 65

R*—(CH,),—Si(R"),R’

32

R3is

R' can be the same or different and can be an alkyl, a
cycloalkyl, an allyl, and an aryl group with from about 1 to
about 18 carbon atoms selected from. R* can be the same or
different and can be —O(CH,),CH; or -(A(CH,),,),, ACH;
wherepi1s0, 1,2, orabout3, AisSorO,n1s 1, 2, or about 3,

and m 1s 1, 2, or about 3. X can be an integer from about 1 to
about 20. y can be 0, 1, or 2. R* can be an aryl or substituted
aryl having from about 6 to about 18 carbon atoms, or a
heterocycle or substituted heterocycle having from about 3 to
about 18 carbon atoms. R> can be a hydrogen or a alkyl group
having from about 1 to about 4 carbons. R° can be the same or
different and can be hydrogen or an alkyl having from about
1 to about 4 carbons. If (i) R” is H and (ii) R* is a phenyl or
substituted phenyl, then R*is -(A(CH,) ) ACH, and mis 2 or
about 3.

Still other embodiments include a polymer comprising (a)
a repeat unit provided from a conjugated diene monomer and
(b) a terminating group provided from the terminating com-
pound.

Processes for making the polymer are also provided. They
include, for example, polymerizing monomers comprising
conjugated diene monomers by using an initiator to form a
polymer with an active terminal end; followed by reacting an
active terminal end of the polymer with the terminating com-
pound.

Other embodiments include rubber compositions compris-
ing the terminated polymer and a filler. Tires and tire compo-
nents can be made from these rubber compositions.

DETAILED DESCRIPTION

The present invention relates to terminating compounds,
polymers and rubber compositions, and tires made therefrom.
In some embodiments, the present invention relates to a poly-
mer that 1s terminated with at least one terminating group.

The terminating compounds that can provide the terminat-
ing groups on the polymer, can include those selected from
the terminating compounds of Formula (I):

R*—(CH,),—Si(R"),R?3_, (D)
R° is

Rﬁ

Rﬁ R4

___,,..--"

N— or >:N—.

R6TT R’
Rﬁ

R' can be the same or different and can be an alkyl, a
cycloalkyl, an allyl, or an aryl having from about 1 to about 18
carbon atoms selected from; R* can be the same or different
and can be 1s —O(CH,),CH; or -(A(CH,),,),,ACH; where p
150, 1,2, orabout3,A1sSorO,n1s 1, 2, or about 3, and m
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is 1, 2, or about 3 (e.g, R®* can be —OCH,
CH,OCH,CH,OCH, or glyme); X 1s an integer from about 1
to about 20 (e.g., 1, 2, 3, 4, or about 5); yis 0, 1, 2, or 3; R*is
an aryl or substituted aryl having from about 6 to about 18
carbon atoms, or a heterocycle or substituted heterocycle
having from about 3 to about 18 carbon atoms (e.g., R* can be
a phenyl group); R” is a hydrogen or a alkyl group having
from about 1 to about 4 carbons; R® can be the same or
different and can be hydrogen or an alkyl having from about
1 to about 4 carbons (e.g., R® can be a pyrrole substituted with
one, two, three or four methyl groups). In some 1nstances, 1f
(1)R” is Hand (i1) R* is a phenyl or substituted phenyl, then R”
1s -(A(CH,) ) ACH, and m 1s 2 or about 3.

As used herein, “substituted” 1s defined by the substitution
of a hydrogen on a carbon by a univalent group including, but
not limited to, halogen, hydroxy, thiol, amino, nitro, cyano,
C,-C, alkyl, alkylamino, carboxy, amido, vinyl, and C,-C.
alkoxy:.

“Aryl” as used herein, 1s defined to include an organic
radical derived from an aromatic hydrocarbon consisting of
1-3 rings and containing about 6 to about 18 carbon atoms.
Aryl includes but 1s not limited to, phenyl and naphthyl.

“Heterocycle” as used herein, 1s defined to include an aro-
matic (e.g., heteroaryls) or non aromatic cyclic alkyl, alkenyl,
or allynyl moiety, having at leastone O, S, P, B, and/or N atom
interrupting the carbocyclic ring structure. Non-limiting
examples of aromatic heterocycles are pynidyl, furyl, pyrro-
lyl, thienyl, 1sothiazolyl, imidazolyl, benzimidazolyl, naph-
thyridinyl, pynidazinyl, pyrimidinyl, pyrazinyl, quinolyl,
indolyl, carbazolyl, thiazolyl, 1,2,4-thiadiazolyl, furopyra-
nyl, and benzoturanyl. Non-limiting examples of non aro-
matic heterocycles are tetrahydrofuranyl, tetrahydropyranyl,
piperidinyl, piperidyl, piperazinyl, imidazolidinyl, mor-
pholino, and morpholinyl.

R> can be

N_

or

-
e

IfR” is —O(CH,),CH; then R> can be

Rﬁ
Rﬁ
d__,...-""‘
N—
el
Rﬁ
Rﬁ

In still other embodiments, if R* is —O(CH,),CH; then R>
1s hydrogen.

The terminating compound can be, for example, N-ben-
zylidene-3-tris(methoxyethoxyethoxysilyl)-1-propancam-
ine, N-pyrrole-3-tris(methoxyethoxyethoxysilyl)-1-propa-
neamine, or other heteroatom containing tethered silanes
such as mercapto-triglymsiloxys.
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4

The terminating compound can be, for example,

/OCH2CH3
/ §OCH2CH3,
P OCH,CH;

/OCHECHZOCHZCH20CH3
| OCH,CH,OCH,CH,OCH, or
. OCH,CH,OCH,CH,OCHx
/OCH2CH20CH2CHEOCH3
N/\/\Si .
/ \OCHECHEOCHECHZOCH}
Va OCH,CH,0CH,CH,OCH,

The terminating compound can be synthesized using, for
example, condensation reactions between the corresponding
amino silane with an aldehyde or a dialdehyde, including, for
example, benzaldehyde or 2,5-hexanedione. The reaction can
be performed at room temperature or at temperatures that
allow for reflux. Water produced by the condensation reaction
can be removed by any known method, including, for
example, molecular sieves, dehydration with salts, or azeo-
tropic distillation.

In some embodiments, R* can create a siloxy group (e.g., a
bulky siloxy group) that can provide stability (e.g., from
condensation) during steam stripping or that can provide
reactivity to a filler during compounding (e.g., a silica filler)
or both. In some instances, the liberation of R* during steam
stripping or during compounding can provide a compound
that reduces or prevents interference with the hexane recycle
system, emission problems, or both.

When an active terminal of the polymer (e.g., a conjugated
diene) 1s reacted with the terminating compound of Formula
(I) an amine can be produced on the terminal end of the
polymer. When such resultant polymer 1s compounded with a
filler, the amine functionality can facilitate an interaction with
an acidic functional group on the surface of the filler, thereby
providing a filler dispersing and reinforcing etfect. Further,
the amine 1s capable of forming a hydrogen bond with a
silanol group, which can cause a dispersion of silicon. Of
course, other terminating agents, such as those discussed 1n
U.S. Pat. No. 6,627,721 may additionally be used, as desired.

The terminating compound can include an R* group that
can react (e.g., via a condensation reaction) with a hydroxyl
group (e.g. silanol group) on the surface of the amorphous
silica (e.g. precipitated silica) when introduced 1nto an end of
the resulting polymer chain. This reaction and the force of the
above-mentioned hydrogen bond by the amino group can
provide a reinforcing effect, and 1n some instances there can
be synergism between the two elfects.

The amount of the terminating compound used can be, for
example, from about 0.25 to about 10.0 mol per one mole of
initiator for polymerization (e.g., an organo-alkali metal com-
pound). The amount of terminating compound can be, for
example, from about 0.5 to about 5.0 mol per one mole of the
initiator, or from about 0.75 to 1.5 mol per one mole of the
initiator.

The polymer comprising the terminating compound can be
a homopolymer, a copolymer or a terpolymer. Repeat units
and monomers are terms used to describe the makeup of the
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polymer. A repeat unit differs from a monomer 1n that a
double bond of the monomer 1s consumed by the polymer-
1zation reaction to provide a repeat unit that 1s incorporated
into the polymer. Repeat units of the polymer can include
those provided from conjugated diene monomers. Examples
of the conjugated diene monomer 1include 1,3-butadiene, 1s0-
prene, 1,3-pentadiene, 2,3-dimethylbutadiene, 2-phenyl-1,3-
butadiene, and 1,3-hexadiene. The conjugated diene mono-
mer can be used to provide repeat units for a homopolymer, a
copolymer, or a terpolymer. Repeat units for the copolymer or
terpolymer can be provided from another conjugated diene
monomer, a vinyl aromatic monomer, or a functionalized
monomer, for example. Examples of the vinyl aromatic
hydrocarbon monomer for use 1n copolymerization with the
conjugated diene monomer nclude styrene, o-methylsty-
rene, 1-vinylnaphthalene, 3-vinyltoluene, ethylvinylben-
zene, divinylbenzene, 4-cyclohexylstyrene, and 2,4,6-trim-
cthylstyrene. Examples of functionalized monomers include
those disclosed 1n U.S. Pat. No. 6,627,721, which 1s incorpo-
rated herein by reference in 1ts entirety, such as 1-[(4-Ethe-
nylphenyl)methyl]-pyrrolidine and 1-[(4-Ethenylphenyl)
cthyl]-pyrrolidine.

When carrying out copolymerization using a conjugated
diene monomer and a vinyl aromatic hydrocarbon monomer,
the monomers, in one example, are 1,3-butadiene and styrene,
respectively.

Examples of the mitiator for use in the polymerization
reaction include organic alkali metal compounds such as
organolithium compounds. In one example, the lithium com-
pounds have from about 2 to about 20 carbon atoms. Specific
examples include ethyllithium, n-propyllithium, 1-propyl-
lithium, n-butyllithium, sec-butyllithium, t-octyllithium,
n-decyllithium, phenyllithium, 2-naphthyllithium, 2-butyl-
phenyllithium, 4-phenyl-butyllithium, cyclohexyllithium,
4-cyclopentyllithium, and a reaction product between diiso-
propenylbenzene and butyllithium. The amount of itiator
used includes from about 0.1 to about 20 mmol based on 100
g 01 monomers.

The polymerization process can be carried out in a solvent,
such as a hydrocarbon solvent, that does not destroy the
iitiator (e.g., organolithium imtiators). A suitable solvent
may be selected from an aliphatic hydrocarbon, an aromatic
hydrocarbon, or an alicyclic hydrocarbon. In one example,
the hydrocarbons have from about 3 to about 8 carbon atoms.
Examples of the hydrocarbon include propane, n-butane,
1-butane, n-pentane, 1-pentane, n-hexane, mixed hexanes,
cyclohexane, propene, 1-butene, 1-butene, trans-2-butene,
cis-2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, ben-
zene, toluene, xylene, and ethylbenzene. These solvents may
be used alone or 1n combination; for example, mixed hexanes,
cyclohexane, and pentane can be used.

The monomer concentration in the solvent may be for
example from about 5 to about 50% by weight. In another
example, the concentration may be from about 10% to about
30% by weight. When carrying out copolymerization
between a conjugated diene monomer and a vinyl aromatic
hydrocarbon monomer, the content of the vinyl aromatic
hydrocarbon monomer in the monomer mixture charged into
a reactor can be for example from about 3 to about 50% by
weight. In another example, the content 1s from about 3 to
about 45% by weight.

A modifier may be used when anionic polymerization of a
conjugated diene monomer 1s carried out. The term “modi-
fier” 1s used herein to mean a compound that has a function to
control the microstructure of a conjugated diene polymer and
the compositional distribution of monomer units 1n a copoly-
mer composed of a conjugated diene monomer and a vinyl
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aromatic hydrocarbon monomer. For example, the increase of
the proportion of 1,2-linkage of butadiene portions of a buta-
diene polymer or 1n a butadiene portion of a butadiene-sty-
rene copolymer, or the increase of the proportion of the 3.4-
linkage of an 1soprene polymer can be controlled. In addition,
randomization of butadiene units or the styrene units 1n a
butadiene-styrene copolymer, for example, can be controlled.
The modifiers are not particularly limited. Examples of the
modifiers mnclude ethers such as dimethoxybenzene, tetrahy-
drofuran, dimethoxyethane, diethylene glycol dibutyl ether,
diethylene glycol dimethyl ether, bis(tetrahydrofurylpro-
pane), and tertiary amines such as trimethylamine, pyridine,
N-methylmorpholine, N,N,N'".N'-tetramethylethylenedi-
amine, and 1,2-dipiperidinoethane. Further examples include
potassium salts such as potassium-t-amylate and potassium-
t-butoxide and sodium salts such as sodium-t-amylate. The
amount to be used of the modifier 1s within the range of from
about 0.01 to about 10 molar equivalents per one mole of the
organolithium compound.

The reaction between the terminating compound and the
polymerized (e.g., copolymerized or terpolymerized) mono-
mer can be carried out utilizing standard temperatures for
diene polymerization. Such temperatures can range from
about 30° C. to about 110° C., for example. The polymeriza-
tion reaction can be carried under a pressure generated by the
reaction. It can be desirable to carry out the reaction under a
pressure sullicient to keep the monomers substantially 1n a
liquid phase. That 1s, the pressure for the polymerization
reaction can depend on the substances to be polymerized,
diluents to be used, and polymerization temperatures; higher
pressures can be employed 1f desired. Such a pressure can be
obtained by any appropriate method, for example, by pres-
surizing the reactor by a gas inert to the polymerization reac-
tion.

It can be desirable to remove water, oxygen, carbon diox-
ide, and other catalyst poison from one or more of the mate-
rials, such as 1nitiator, solvent, monomer, and the like,
involved 1n the polymerization process.

Although the timing and method for adding the terminating
compound to the polymerization system chain 1s not particu-
larly limited, such a terminating compound can be added
when the polymerization 1s completed or near completion. In
some embodiments, the polymerization 1s carried out until
high conversions of at least about 85 percent are attained. For
instance, the terminating compound can be added after a
monomer conversion ol greater than about 85 percent has
been realized.

The polymer (e.g., copolymer or terpolymer) obtained can
have, for example, a glass transition point (I'g) o1 =95 to —-10°
C. as measured by DSC (Differential Scanning Calorimetry)
using a heating rate of 10° C./min.

The Mooney viscosity (ML, _./100° C.) of the uncured
polymer may, for example, be 1n a range of from about 10 to
about 150. In another example, the Mooney viscosity may be,
for example, 1n a range of from about 15 to about 70.

The polymer can be exposed to steam stripping conditions
in some 1nstances to aid in recovery. For example, the poly-
mer can be dissolved in hexane, the solution of which 1s
exposed to steaming hot water at apH of from about 7 to about
7.6. The exposure can be for 20, 60, or 120 minutes. In some
instances this steam stripping can result in increase 1n the
polymer molecular weight of about 30%, about 50%, about
100%, about 250%, about 270%, or about 300% or more.

The polymer can be used together with conventional rub-
bery polymers to provide a rubber composition for use in the
tire industry. Examples of the conventional rubbery polymer
include natural rubber and diene-based synthetic rubbers.
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Examples of the diene-based synthetic rubbers include emul-
s1on styrenelbutadiene copolymers, solution styrene/butadi-
ene copolymers, 1,4-cis-polybutadiene, 1,2-vinyl-polybuta-
diene, 1,4-cis-polyisoprene, 3.,4-polyisoprene, styrene/
1soprene/butadiene copolymers, 1soprene/butadiene
copolymers, styrene/isoprene copolymers, butyl rubber, eth-
ylene/propylene copolymers, and blends thereof. A rubber
component, having a branched structure formed by use of a
polytunctional modifier such as tin tetrachloride, or a multi-
functional monomer such as divinyl benzene may also be
used.

The rubber composition, which includes from about 25%
to about 100% by weight polymer (with from about 50% to
about 75% weight percent being one embodiment) also can
include fillers. In some instances, these fillers can be rubber
reinforcing fillers. The filler can be silica, carbon black, or a
combination of a silica and a carbon black. Clay and/or
organic fillers such as starch can also be used as fillers.

The silica can be a synthetic amorphous rubber reinforcing,
silica. Examples include wet-process silica (precipitated
silica), dry-process silica (fumed silica), calcium silicate, and
aluminum silicate. In one example, the silica 1s precipitated
silica.

Examples of various carbon blacks may be found, for
example, the Vanderbilt Rubber Handbook, 137 Edition
(1990) pages 416 through 418.

The amount of the filler used 1n the rubber composition can
be, for example, within a range of from about 10 to about 130
phr (e.g. 1n a range of from about 20 to about 110 phr).

When synthetic amorphous silica (e.g. precipitated silica)
1s used as filler 1n the rubber composition, a silica coupling
agent can be used to further increase the reinforcing property
at the time when the silica 1s incorporated. Such silica cou-
pling agents have a moiety reactive with hydroxyl groups
(e.g. silanol groups), on the silica filler and another different
moiety 1nteractive with the conjugated diene derived elas-
tomer. Examples include organoalkoxymercapto silanes and
bis(3-trialkoxysilylalkyl)polysulfides having an average of
about 2 to 4 connecting sulfur atoms 1n 1ts polysulfidic bridge.
Examples of the silica coupling agent comprise, for example,
bis(3-triethoxysilylpropyl)tetrasulfide, bis(3-triethoxysilyl-
propyl)disulfide, bis(2-triethoxysilylethyl)tetrasulfide, bis(3-
trimethoxysilylpropyl)tetrasulfide, bis(2-trimeth-oxysilyl-
cthyl)tetrasulfide, 3-mercapto-propyltrimethoxysilane,
3-mercaptopropyl-triethoxysilane, 2-mercaptoethyltri-
methoxysilane, 2-mercaptoethyltriethoxysilane, 3-nitropro-
pyltrimethoxysilane, 3-nitropropyl-triethoxysilane, 3-chlo-
ropropyltrimethoxysilane,  3-chloropropyltriethoxysilane,
2-chloroethyltrimethoxy-silane,  2-chloroethyltriethoxysi-
lane, 3-trimethoxysilylpropyl-N,N-dimethylthiocarbamoyl
tetrasulfide,  3-triethoxysilylpropyl-N,N-dimethylthiocar-
bamoyl tetrasulfide, 2-triethoxy-silylethyl-N,N-dimethylth-
iocarbamoyl  tetrasulfide, 3-trimethoxysilylpropylben-
zothiazole tetrasulfide, 3-triethoxysilyl-propylbenzothiazole
tetrasulfide, 3-tricthoxysilylpropyl-methacylate monosul-
fide, 3-trimethoxysilylpropylmethacylate monosulfide, bis
(3-diethoxy-methylsilylpropyljtetrasulfide, 3-mercaptopro-
pyldimethoxymethylsilane, 3-nitropropyl-
dimethoxymethylsilane,
3-chloropropyldimethoxymethylsilane, dimethoxymethylsi-
lylpropyl-N,N-dimethyl-thiocarbamoyl tetrasulfide, and
dimethoxymethylsilylpropylbenzothiazole tetrasulfide.

The polymer can have a functional group having a high
allinity for silica. Therefore, even when the content of silica
coupling agent, which i1s expensive, 1n the rubber composition
1s lower than a conventional content, the use of the polymer
can enable the rubber composition to exhibit physical prop-
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erties competitive with those of conventional ones. Although
the amount of silica reinforcement can vary (e.g., 1n some
instances 1t can depend on the kind of the silica coupling
agent), the amount of silica coupling agent can be, for
example, 1n a range of from about 1 to about 20 weight
percent based on the amount of the silica. In some embodi-
ments, the amount of silica coupling agent can be, for
example, 1n a range of from about 5 to about 15 weight
percent based on the amount of the silica.

Examples of vulcanizing agents include sultur and sulfur
containing compounds. The amount of the vulcamizing agent
to be used may be for example from about 0.1 to about 10.0
phr. For example, the amount may be from about 1.0 to about
5.0 phr.

Examples of the process o1l include for example paratiin-
based oils, naphthene-based oi1ls, and aromatic-based oils.
The amount to be used of the process o1l may be, for example
from about O to about 100 phr.

The vulcanization accelerators may include for example
thiazole-based ones, such as 2-mercaptobenzothiazole,
dibenzothiazyl disulfide, and sulphenamides such as for
example N-cyclohexyl-2-benzothiazyl sulphenamide, and
guanidine-based ones such as for example diphenylguani-
dine. The amount to be used of the vulcamization accelerator
may be, for example, from about 0.1 to about 5.0 phr or from
about 0.2 to about 3.0 phr.

The rubber composition of the present invention may also
typically contain additives that are conventionally used in
rubber industries, for example, are antioxidants, zinc oxide,
stearic acid, waxes and antidegradients.

The rubber composition may be obtained by milling the
ingredients using a kneading apparatus such as a roll mill, an
internal mixer, and the like. After being shaped, the rubber
composition can be vulcanized. The rubber composition can
be used 1n various tire components, such as tire treads, under
treads, carcasses, side walls, and beads, and in other industrial
applications such as rubber cushions, belts, and hoses, for
example. In one example, the rubber composition 1s suitable
as a rubber composition for tire treads.

As described above, the polymer exhibits good reinforcing
characteristics 1n a rubber composition having a filler which
includes amorphous silica and/or rubber reinforcing carbon
black.

The rubber composition can be tested for room tempera-
ture rebound, tan 0 (indicative of rolling resistance), and Din
abrasion (indicative of treadwear). The values of RT rebound
can range, for example, from about 39 to about 50, and can
include 41, 42,43, 44,45, 46, and 48. The values of tan 6 can,
for example, range from 0.10 to about 0.25 and can include
0.13, 0.15, 0.17, 0.2, and 0.23. The values of Din abrasion

can, for example, range from about 80 to about 145, and can
include 90, 100, 110, 115, 120, 125, 130, 135, and 140.

In order to further illustrate the present invention, the fol-
lowing specific examples are given. It should be understood
that the examples are not limitations of the scope of the
present invention. In the examples, phr means parts per hun-
dred parts rubber (1.e., the mventive polymer plus any addi-
tional polymer) by weight and % values are by weight unless
otherwise specified.

EXAMPLES

Synthesis of Terminating Compounds

Example 1

Synthesis of
N-benzylidene-3-(triethoxysilyl)-1-propaneamine:

(Imine-TEOS) To a 2000 mL 3-neck round bottom flask
placed 1n an ice water bath and equipped with a stirbar was
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added 70 g of 5 A molecular sieves. The flask was then
equipped with a reflux condenser and the remaining necks
were sealed with rubber septa. The reaction flask was evacu-
ated and backfilled with dry nitrogen three times. After the
final backfill cycle, 200.1 g (903.9 mmol) of 3-aminopropy-
Itriethoxysilane was added to the flask, along with 300 mL of
anhydrous toluene. With rapid stirring, 95.9 g (903.9 mmol)
of benzaldehyde was added dropwise via cannula over 30
minutes. The contents were allowed to stir at room tempera-
ture under nitrogen overnight. After an overnight stir, the
contents were filtered. An additional 50 mL of anhydrous
toluene was added to facilitate the filtration. The filtrate was
filtered a second time and collected. The collected filtrate was
concentrated via rotary evaporation to yield a pale gold o1l
(274.9 g, 98%). This solid was 1solated 1n >98% purity, as
characterized by 'H NMR spectroscopy and was not purified
further. "H NMR (CDCl,, 400 MHz): 0.68 (m, 2H); 1.22 (i,
OH); 1.85 (m, 2H); 3.61 (m, 2H); 2.82 (m, 6H); 7.40 (m, 3H);
7.72 (m, 2H); 8.27 (s, 1H).

Example 2

Synthesis of N-benzylidene-3-tris(methoxyethoxy-
ethoxysilyl)-1-propaneamine:

(Imine-GLYME) To a 1000 mL 3-neck round bottom flask
equipped with a stirbar was added 20 g (5x the amount of
water generated by the reaction by weight) of 5 A molecular
sieves. The flask was then equipped with a reflux condenser
and the remaining necks were sealed with rubber septa. The
reaction flask was evacuated and backfilled with dry nitrogen
three times. After the final backfill cycle, 97.4 g (220 mmol)
of 3-aminopropyltris(methoxyethoxyethoxy)silane was
added to the flask, along with 300 mL of anhydrous toluene.
With rapid stirring, 23.3 mL (231 mmol) of benzaldehyde
was added dropwise via cannula over 30 minutes. The con-
tents were heated to reflux and stirred under nitrogen over-
night. After an overnight stir, the contents were filtered. An
additional 50 mL of anhydrous toluene was added to facilitate
the filtration. The filtrate was filtered a second time and col-
lected. The collected filtrate was concentrated via rotary
evaporation to yield a pale gold 011 (115.4 g, 99%). This solid
was isolated in >98% purity, as characterized by 'H NMR
spectroscopy and was not purified further. "H NMR (CDCl,,
400 MHz): 0.75 (m, 2H); 1.85 (m, 2H); 3.69 (m, 2H); 3.25-
3.90 (m, 33H); 7.38 (m, 3H); 7.65 (m, 2H); 8.25 (s, 1H).

Example 3

Synthesis of
Pyrrole-3-(triethoxysilyl)-1-propaneamine:

(Pyrrole-TEOS) To a 500 mL 3-neck round bottom flask
equipped with a stirbar was added 30.8 g (10x the amount of
water generated by the reaction by weight) of 5 A molecular
sieves. The flask was then equipped with a retflux condenser
and the remaining necks were sealed with rubber septa. The
reaction tlask was evacuated and backfilled with dry nitrogen
three times. After the final backfill cycle, 18.9 g (85.4 mmol)
of 3-aminopropyltriethoxysilane was added to the flask,
along with 40 mL of anhydrous toluene. With rapid stirring,
10.8 mL (89.7 mmol) of 2,5-hexanedione was added drop-
wise via syringe. The contents were heated to reflux and
stirred under nitrogen overnight. After an overmght stir, the
contents were filtered. The filtrate was filtered a second time
and collected. The collected filtrate was concentrated via
rotary evaporation to yield an orange liquid (23.7 g, 94%).
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This solid was isolated in >98% purity, as characterized by 'H
NMR spectroscopy and was not purified further. '"H NMR
(CDCl;,400MHz): 0.65 (m, 2H); 1.23 (m, 9H); 1.75 (m, 2H);
2.23 (s, 6H) 3.77 (m, 2H); 3.84 (m, 6H); 5.76 (s, 2H). °C
NMR (CDCl,, 100 MHz): 7.64; 12.43; 18.26; 24.38; 45.99;
58.42;104.91; 127.28.

Example 4

Synthesis of Pyrrole-3-tris(methoxyethoxyethoxysi-
lyl)-1-propanecamine:

(Pyrrole-GLYME) To a 100 mL round bottom {flask
equipped with a stirbar was added 4.36 g (10x the amount of
water generated by the reaction by weight) of 5 A molecular
sieves. The flask was then equipped with a reflux condenser
and sealed with rubber septa. The reaction flask was evacu-
ated and backfilled with dry nitrogen three times. After the

final backfill cycle, 5.35 g (12.1 mmol) of 3-aminopropyltris
(methoxyethoxyethoxy)silane was added to the flask, along
with 25 mL of anhydrous toluene. With rapid stirring, 1.43
mL (12.2 mmol) of 2,5-hexanedione was added dropwise via
syringe over one minute. The contents were heated to reflux
and stirred under nitrogen overnight. After an overnight stir,
the contents were filtered. The filtrate was filtered a second
time and collected. The collected filtrate was concentrated via
rotary evaporation to yield an orange viscous o1l (5.94 g,
94%). This solid was 1solated 1n >98% purity, as character-
ized by '"H NMR spectroscopy and was not purified further.
"H NMR (CDCl,, 400 MHz): 0.4-0.75 (m, 2H); 1.5-1.9 (m,
2H); 2.15 (br.s, 6H) 3.9 (m, 2H); 3.30-3.75 (m, 33H); 5.73 (s,
2H).

Preparation of Polymers

Example 5

Preparation of control polymer:

Polymerizations were carried out in a one gallon batch
reactor under moderate stirring and inert nitrogen atmo-
sphere. The reactor 1s equipped with a variable speed agitator
and a heating/cooling jacket to control the reactor tempera-
ture via a distributed Foxboro control system. Prior to poly-
mer loading, the reactor was filled with dry hexane and
quenched with n-BulL1 to minimize the scavenger level. The
reaction temperature was set at 60° C. Approximately 1500
grams of 14.5 wt % premix (25/75 wt/wt styrene/butadiene 1n
hexane) was charged into the reactor after 1t was first passed
through a bed of molecular sieves and silica gel under a
nitrogen atmosphere. N-Butyl-lithtum initiator and N,N,N',
N'-tetramethylethylenediamine (TMEDA) modifier were
introduced via common syringe techniques. Conversion data
was determined gravimetrically or by gas chromatography
(GC) analysis of residual monomer. For GC testing, aliquots
of the reaction mixture were taken via the dip leg during the
course of polymerization and collected mto a 60/40 (w/w)
solution of ethanol/decane. Polymernizations were terminated
aiter full conversion was reached by treating the live polymer
cement with an 1sopropanol/BHT antioxidant solution. The
polymer was recovered by drum drying. The target polymer
Mooney viscosity (ML, ,/100° C.) was 40 with a Tg (glass
transition temperature) of approximately —25° C.
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Example 6

Preparation of polymers terminated with terminating
compounds:

Polymers were prepared as described in Example 5 with
the exception that i1sopropanol/BHT termination was
replaced with the appropriate terminating compound, as dis-
cussed further below, used at one molar equivalent to the
amount of butyl-lithium used to mmtiate the polymerization.
Base Mooney viscosity (ML, ,,,/100° C.) prior to the termi-
nation was approximately 40 for all functional polymers and
Tg of -25° C.

Polymers (a)-(e) were prepared as described in Example 5
and Example 6 using terminating agent (a) and terminating
compounds (b)-(e), respectively, as shown below:

(a) Control—isopropanol

CH, CHOH—CH,

(b) N-benzylidene-3-(triethoxysilyl)-1-propancamine

4

A

(c) N-benzylidene-3-tris(methoxyethoxyethoxysilyl)-1-
propaneamine

/\ )J\ 1

N

(d) N-pyrrole-3-(triethoxysilyl)-1-propanecamine

/\/\Si(OCHZCH3)3

Z

e
.

(¢) N-pyrrole-3-tris(methoxyethoxyethoxysilyl)-1-propa-
neamine

/\/\Si(OCHz(?HZOCHZCHzOCHg)g

Z

e —
St

Table 1 provides the Mooney viscosity (ML, ,4,/100° C.),
glass transition temperature (IT'g), % styrene, and %vinyl for
the five polymers.
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TABL

(Ll

1

Polvmer Characterization

Imine- Imine- Pyrrole- Pyrrole-
Control TEOS  GLYME TEOS GLYME
Polymer (a) (b) () (d) ()
ML} ,4y/100° C. 40 48 52 45 39
Teg (midpt) ° C. -23.2 =231 -22.6 -23.0 -22.8
% Styrene 27.2 26.0 26.3 26.9 26.9
% Vinyl 40.0 41.2 41.7 39.8 40.5

Example 7

A representative example of changes 1n polymer reactivity
to hydrolysis and condensation are provided.

In this example, the prepared polymer was dissolved 1n
hexane at approximate 15 wt % solids and was tested for its
zero time molecular weight. Each polymer/hexane solution
was then 1njected 1nto steaming hot water at pH 7.0-7.6 and
exposed for 20 minutes, 60 minutes, or 120 minutes. The
precipitated polymer crumb was then re-tested for molecular
weilght. Table 2 shows that the Imine-TEOS (b) polymer 1s
relatively unstable and reactive towards si1loxy condensation,
as measured by a rapid increase in polymer molecular weight
with exposure time to the steam treament. However, the
Imine-GLYME (c) polymer 1s found to be relatively stable to
stecam treatment. Stability against the steam treatment can
provide significant advantage 1n polymer production, poly-
mer storage, hexane recycle, and emissions.

TABL.

2

(Ll

Results of Steam Hydrolysis

Imine- Imine- Pyrrole- Pyrrole-
Control  TEOS GLYME TEOS GLYME

(a) (b) () (d) ()

Polymer Mn Mn Mn Mn Mn
Time @ 95 C. (g/mol) (g/mol) (g/mol) (g/mol) (g/mol)
0 min 184,000 220,000 197,000 199,000 191,000
20 min 175,000 423,000 229,000 194,000 178,000
60 min 177,000 676,000 235,000 192,000 180,000
120 min 174,000 812,000 261,000 195,000 177,000

Example 8

Representative example showing compound performance
and steam stripping stability.

The five polymers (a)-(e) were prepared as described
above. The polymers were compounded as follows: The poly-
mers were prepared and tested for performance in a silica
compound utilizing 65 phr of Silica, 70 phr of the experimen-
tal polymer, and 30 phr of polybutadiene. Compounds were
mixed 1 a 300 cc Brabender mixer in 3 stages, which con-
sisted of two non-productive stages and one productive stage.

Stage Ingredient phr
NP1 Tested Polymer 70
NP1 Polybutadiene 30
NP1 Silica 65
NP1 Siloxy Coupling Agent* 10.4
NP1 Naphthenic o1l 20
NP1 Zn0O 3.5
NP1 Stearic Acid 2
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-continued

Stage Ingredient phr
NP1 Diamine AQO 2.2
NP1 Paratfin Wax 1.5
NP2 re-mill
PR Sulfur 1.7

Quanidine/sulfonamide
PR Accelerators 3.1
PR Diamine AQO 0.75

*50 wt % active absorbed on black

Rotor speed was adjusted to maintain a constant drop tem-
perature for each compound. Performance indicators include:
room temperature (RT) rebound (ASTM D1054), tan 0 mea-
surements at 40° C., 5% strain and 10 Hz to retlect Rolling

Resistance (RR) (ASTM D5992), and Din Abrasion measure-
ments (ASTM D5963) to indicate treadwear. The results are
shown 1n Table 3.

TABLE 3

10

15

where R is
Rﬁ
Rﬁ _= R4
N——  or >: N—:
"'\ :
Rﬁ R
Rﬁ

R' can be the same or different and is an alkyl, a cycloalkyl, an
allyl, and an aryl group with from about 1 to about 18 carbon
atoms; R” can be the same or different and is —O (CH.,,) CH,
or -(A(CH,), ) ACH, wherepi1s0,1,2,0or3, A1sSorO,nis
1,2, 0or3,andm1s 1, 2, or 3; x 1s an mteger from about 1 to
about 20; yis 0, 1, or 2; R® can be the same or different and is
a hydrogen or an alkyl having from about 1 to about 4 car-
bons.

2. The polymer of claim 1, wheremn the polymer 1s a

homopolymer, a copolymer or a terpolymer.

[.ab Results for Rolling Resistance and Treadwear Indicators

RR-Tan & 5% Treadwear

Example Polymer Description RT Rebound 40° C. DIN Abrasion  Stripping Stable

8a Control 40.8 0.22 140 yes

e Imine-TEOS 454 0.14 122 no

8¢ Imine-Glyme 43.6 0.18 126 Ves

&d Pyrrole-TEOS 42.6 0.19 134 yes

8¢ Pyrrole-Glyme 39.8 0.22 138 Ves
Performance direction High better ~ Lower better Lower better See Example 7

Example 8a shows the base line performance for this class

of SBR polymer. Example 8b shows the reduction 1n tan 9,
increase 1n Rebound, and decrease in Din Abrasion with the
Imine-TEOS (b) polymer. However, as already described 1n

Example 7, this polymer 1s less stable to steam stripping

making 1t difficult to process and store. Example 8¢ shows a
performance improvement by the reduction in tan 0, increase
in Rebound and, decrease in Din Abrasion with the advantage
of stripping stability when an Imine-GLYME (c¢) polymer 1s

used. Examples 8d-¢ show that 1n some 1nstances a balance
should be maintained between compound performance and
stripping stability. For example, performance improvements
can be lost 1f stripping stability 1s increased too much.

While the present mvention has been illustrated by the
description of one or more embodiments thereof, and while

the embodiments have been described 1n detail, they are not
intended to restrict or 1 any way limit the scope of the
appended claims to such detail. Additional advantages and

modifications will readily appear to those skilled in the art.
The mvention 1n 1ts broader aspects 1s therefore not limited to

the specific details, representative methods and illustrative
examples shown and described. Accordingly, departures may
be made from such details without departing from the scope
of the general inventive concept.

What 1s claimed 1s:

1. A polymer comprising (a) a repeat unit provided from a
conjugated diene monomer and (b) a terminating group pro-
vided from a terminating compound of the formula:

R*—(CH,),—Si(R"),R’
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3. The polymer of claim 1, wheremn the polymer 1s a
copolymer comprising repeat units of a conjugated diene
monomer and a monovinyl aromatic monomer.

4. The polymer of claim 1, wheremn the polymer 1s a
copolymer comprising repeat units of 1,3-butadiene and sty-
rene.

5. The polymer of claim 1, wherein the polymer 1s a ter-
polymer comprising repeat units of a conjugated diene mono-
mer, a vinyl aromatic hydrocarbon monomer, and a function-
alized vinyl aromatic monomer.

6. A rubber composition comprising;:

100 parts by weight of total polymer, where from about
25% to about 100% by weight of the total polymer 1s a
polymer of claim 1; and

filler 1n an amount of 10 to 130 phr.

7. The rubber composition of claim 6, wherein the filler 1s
selected from the group consisting of amorphous silica, rub-
ber reinforcing carbon black, a combination of silica and
carbon black, and clay.

8. A tire having a component comprising the rubber com-
position of claim 6.

9. The polymer of claim 1, wherein R” is
—__,...-—-""'
—=

10. The polymer of claim 1, wherein the terminating com-
pound 1s
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/OCH2CH3
/ N Sl‘(‘*-OCHﬂHg, or
OCH,CHj;

/OCHECHZOCHz(?HgOCHg
N /\/\Si....____
/ \~OCH;CHOCH,CH,OCH;
y OCH,CH,OCH,CH,OCH;

11. A process for making a polymer:

polymerizing monomers comprising conjugated diene
monomers by using an initiator to form a polymer with
an active terminal end; and

reacting an active terminal end of the polymer with a ter-
minating compound

R*—(CH,),—Si(R"),R”

3300
where R is
Rﬁ
Rﬁ = R4
N—/—  or >: N—™:
\ 5
Rﬁ R
Rﬁ

R' canbe the same or different and is an alkyl, a cycloalkyl, an
allyl, and an aryl group with from about 1 to about 18 carbon
atoms; R” can be the same or different and is —O(CH,),CH,;
or -(A(CH,) ) ACH, wherepis0, 1, 2, orabout3, Ais S or
O,ni1s 1,2, orabout3,andmis 1, 2, or about 3; X 1s an integer
from about 1 to about 20; y is 0, 1, or 2; R* is an aryl or
substituted aryl having from about 6 to about 18 carbon
atoms, or a heterocycle or substituted heterocycle having
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from about 3 to about 18 carbon atoms; R” is hydrogen or a
alkyl group having from about 1 to about 4 carbons; R° can be
the same or different and 1s a hydrogen or an alkyl having
from about 1 to about 4 carbons;
wherein if (i) R” is H and (i1) R* is a phenyl or substituted
phenyl, then R*is -(A(CH.,), ) ACH, andmis 2 orabout
3

12. The process of claim 11, wherein the initiator 1s an
organolithium compound.

13. The process of claim 11, wherein the polymerizing
comprises polymerizing a conjugated diene monomer and a
monovinyl aromatic monomer to form a copolymer.

14. The process of claim 11, wherein R” is

e —
N—.
.

15. The process of claim 11, wherein the terminating com-
pound 1s

/OCHZCH3
/ N Sl“\"‘"“‘OCHz(?Hg, or
y OCH,CHj;
OCH,CH,OCH,CH,OCH;

NN

/ Sli“*- OCH,CH,OCH,CH,OCH;
y OCH,CH,OCH,CH,OCHj
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